Purpose Pain, fatigue, dyspnea, and distress are commonly reported cancer-related symptoms, but few studies have examined the effects of multiple concurrent symptoms in longer-term cancer survivors. We examined the impact of varying degrees of symptom burden on health-related quality of life (HRQOL) and performance status in surgically treated non-small cell lung cancer (NSCLC) survivors. Methods A sample of 183 NSCLC survivors 1-6 years postsurgical treatment completed questionnaires assessing five specific symptoms (pain, fatigue, dyspnea, depression, and anxiety), HRQOL, and performance status. The number of concurrent clinically significant symptoms was calculated as an indicator of symptom burden. Results Most survivors (79.8 %) had some degree of symptom burden, with 30.6 % reporting one clinically significant symptom, 27.9 % reporting two symptoms, and 21.3 % reporting three or more symptoms. Physical HRQOL significantly decreased as the degree of symptom burden increased, but mental HRQOL was only significantly decreased in those with three or more symptoms. Receiver-operating characteristic (ROC) curves showed that having multiple concurrent symptoms (two or more) was most likely associated with limitations in functioning (area under a ROC curve=0.75, sensitivity=0.81, specificity=0.54). Conclusions Two or more clinically significant symptoms are identified as the "tipping point" for showing adverse effects on HRQOL and functioning. This highlights the need for incorporating multiple-symptom assessment into routine clinical practice. Comprehensive symptom management remains an important target of intervention for improved post-treatment HRQOL and functioning among lung cancer survivors.
Introduction
With improvements in the detection and treatment of cancer, more individuals are diagnosed in early stages and surviving long after treatment ends [1] [2] [3] [4] . Yet, for this growing population, substantial consequences of the disease and treatments remain [2, [4] [5] [6] [7] [8] [9] [10] [11] . Studies of post-treatment sequelae have focused mainly on single symptoms, but symptoms rarely present in isolation [3] [4] [5] [6] [7] [8] [9] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , and emerging research suggests that multiple symptoms may stem from the same etiology (e.g., inflammatory cytokines) [22, 25, 26] . Undertreated symptoms often interfere with cancer survivors' work [9] , activities of daily living [2, 9, 15, 16, 18] , and interpersonal relationships [9, 27] . Greater understanding is needed of how combinations of cancer-related symptoms impact the health and well-being of survivors [3, 28] .
Patients with lung cancer commonly experience more symptoms than individuals diagnosed with other cancers [4, 6] . The number and type of symptoms experienced by lung cancer patients during and shortly after treatment have been significantly related to impaired functioning, psychological distress, and overall health-related quality of life (HRQOL) [29, 30] . To date, research examining the effects of multiple symptoms among individuals with lung cancer has primarily focused on the active treatment phase or in those with advanced disease [5, 19] . Cooley et al. [14] were among the first to examine the experience of symptoms in lung cancer patients over the course of the disease. In their longitudinal study of 117 patients, symptom distress was moderately high at the time of diagnosis, decreased 3 months after diagnosis, and then increased at 6 months. Less is known about the post-treatment sequelae in longer-term lung cancer survivors or the impact that these symptoms have on functioning at this post-treatment stage.
Patient-reported symptom burden is an important area of assessment and includes the presence, frequency, and severity of multiple symptoms that go untreated or unrelieved [5] . It is defined as the combined impact of disease-and treatmentrelated symptoms on the ability of individuals to function as they did before onset of their disease or therapy [5] . Pain, fatigue, dyspnea, depression, and anxiety are symptoms commonly reported by lung cancer patients [12] . Studies of various cancer patient and survivor groups have found relationships among these symptoms. Pain is a frequent symptom in cancer survivors [3, 31, 32] and is highly correlated with depression and anxiety [3, 9, 27] . Fatigue is one of the most commonly reported symptoms and one of the most distressing [14, 33] . Cancer-related fatigue and depression are separate constructs but are highly correlated in research studies and can be difficult to distinguish in clinical practice [3] . Although dyspnea is common in many cancer populations, it is most common in patients with lung cancer [33] . Patients with dyspnea often become anxious, which can then exacerbate the sensation of breathlessness, creating a regenerative feedback loop [27, 33] .
Performance status and HRQOL are major clinical outcomes that are negatively correlated with cancer-and treatment-related symptoms [15, 16] , and higher symptom burden has been associated with poor performance status, worse HRQOL, and even an increased risk of death [19] in newly diagnosed lung cancer. Most interventions have been designed to target a single symptom, and they are not designed to address the complexity of multiple symptoms [3, 9, 20, 22] . Multiple-symptom models offer insights into the experiences of cancer survivors by examining how symptoms interact with each other and the additive effect they may have on patient outcomes (i.e., HRQOL and daily functioning) [24] .
The purpose of the present study was to examine symptom burden in a sample of long-term survivors of early-stage nonsmall cell lung cancer (NSCLC), with the goal of identifying the "tipping point" at which the number and severity of symptoms adversely affects functioning and quality of life. The specific aims of this study were to (1) assess the prevalence and severity of symptom burden 1-6 years post-treatment, (2) identify demographic and medical correlates of moderate-high symptom burden, and (3) determine the degree of symptom burden that corresponds most with functional impairment. We hypothesized that individuals with multiple concurrent symptoms would report poorer HRQOL and performance status. Such data are important in understanding the needs of post-treatment cancer survivors, who are at risk for experiencing chronic symptoms that may impair quality of life. The overall aim of this analysis is to contribute to the design of multiple-symptom-focused interventions to reduce symptom burden for a growing cancer survivor population. Such data may enable health care providers for survivors to take a comprehensive and integrated view of symptom presentation by their patients and promote steps to address multi-symptom burden.
Methods

Participants
Patients were identified from queries of institutional clinical and research databases at Memorial Sloan-Kettering Cancer Center (MSKCC). Eligibility criteria included diagnosis of primary stage IA or IB NSCLC, surgical resection with curative intent, 1-6 years post-surgical treatment, no evidence of disease at time of recruitment, oncologist-granted permission for study participation, no severe psychiatric or cognitive impairment judged to interfere with participation, and ability to give informed consent.
Procedures
All potentially eligible participants (n =503) were identified from the database and mailed a consent form and letter inviting study participation. They were called 2 weeks later to confirm eligibility and interested participants provided verbal informed consent. All participants were offered print educational resources summarizing the availability of onsite psychosocial and rehabilitation services for cancer survivors. The study was approved by the Institutional Review Board. Previous papers detailing prevalence of fatigue [34] , dyspnea [35] , HRQOL [36] , and health behaviors [37] have been published from this cohort. This manuscript builds on these previous papers by examining the burden of multiple symptoms in lung cancer survivors' HRQOL and daily functioning.
Measures
Demographic variables
Participants reported their age, gender, race/ethnicity, education, marital/partnership status, employment status, and income.
Medical variables
The thoracic surgical database identified pathological disease stage, time since surgical resection, type of surgical resection, and use of video-assisted thoracoscopic surgery (VATS) (yes/no). Participants also reported on the presence of 21 comorbid medical conditions [38] .
Health-related quality of life
The SF-36v2 [39] is a 36-item self-reported HRQOL scale, and it has been used in previous studies of lung cancer survivors [10] . Further rationale for the use of this measure in this population can be found in the work of Ostroff et al. [36] . The measure consists of two component factors: physical health (PCS) and mental health (MCS). Component scores demonstrated good internal consistency (PCS: α =0.93, MCS: α =0.95).
Performance status
The Self-Reported Karnofsky Performance Scale (SR-KPS) is a measure of current performance ability [15] . Participants indicate which statement best describes their current level of functioning. The modified response scale ranges from 1 (able to carry out normal activity with no physical complaints) to 7 (severely disabled with hospital admission required) [15] .
Symptom burden
The following measures were chosen because of their empirically validated clinical cutoff points:
& Pain. The Brief Pain Inventory (BPI) [31] is a self-report measure of pain severity and interference, and it has been used in other studies of cancer survivors [7] . Pain severity scores were determined by averaging the mean of participants' responses to items 1 ("pain at its worst in the last week"), 2 ("pain at its least in the last week"), and 3 ("pain on average in the last week"). Pain severity items were rated on an 11-point scale from 0 ("no pain") to 10 ("pain as bad as you can imagine"). The BPI has been well-validated [31] and showed good internal consistency (α =0.95). Based on previous research, clinically significant pain was defined as a score of 4 or more [32] . & Fatigue. The Brief Fatigue Inventory (BFI) is a nine-item measure of clinically relevant fatigue [40] . The BFI evaluates fatigue "right now" and "during the past week" (worst and usual), as well as the severity and interference of fatigue with daily functioning during the past week. Fatigue is rated on a scale of 0 ("no fatigue") to 10 ("severe fatigue"). A score of 4 or higher has been used previously as an indicator of clinically significant fatigue [40] , and it was the cutoff score we used in this study. The BFI has been used with cancer patient populations [40] and evidenced good internal consistency in the current sample (α =0.94). & Dyspnea. The Baseline Dyspnea Index (BDI) [41] is a selfreport measure of current dyspnea severity along three dimensions: overall functional impairment, task magnitude, and effort magnitude. Dyspnea is graded on a five-point (0 to 4) scale from "very severe" to "no impairment." Item responses are summed with lower scores indicating greater dyspnea. The BDI has been validated in patients undergoing lung surgery [42] and showed good internal consistency in the current sample (α =0.91). Based on previous research, clinically significant dyspnea was defined as a score of 9 or less [35] . & Anxiety and depression. The Hospital Anxiety and Depression Scale (HADS) [43] is a self-report measure of mood disturbance designed for use in medical populations. It consists of a seven-item anxiety scale (α =0.92) and a seven-item scale of depressive symptoms (α =0.87). Each item contains four response options (rated 0 to 3), and a summed score of 8 or above on either scale is indicative of clinically significant symptomatology [43] .
Data analysis
Descriptive statistics were calculated for demographic and medical variables. Symptom measure scores were dichotomized (yes/no) based on cutoffs (see "Measures" section) for pain, fatigue, dyspnea, anxiety, and depression. The total number of symptoms (i.e., number of symptoms coded "yes") classified the degree of symptom burden. Chi-squared tests, KruskalWallis H tests, and Mann-Whitney U tests were chosen based on their ability to analyze ranked data and were used to examine demographic, medical, and HRQOL correlates of the degree of symptom burden. Receiver-operating characteristic (ROC) curves were used to determine the degree of symptom burden that corresponds most with functional impairment. A ROC curve is a plot of a test's true-positive rate (sensitivity) over the false-positive rate (1-specificity) measured at a cutoff value. The area under a ROC curve (AUC) is an estimate of the ability to accurately discriminate a patient identified as a "case" from a patient who does not meet case criteria [44] . The AUC can range from 0.5 (suggesting that the test offers no discrimination) to 1.0 (suggesting that the test offers perfect discrimination).
Results
Participants
Of the 503 NSCLC patients identified in the database, 222 did not meet the eligibility criteria. The most common reasons for exclusion were current malignancy (n =71), more than 6 years since resection (n =46), deceased (n =26), diagnosis of stage II-IV disease (n =25), and non-English speaking (n =17). Of the eligible patients, 19 were unable to be reached and 78 declined participation. The most common reasons for refusal included 23 lack of interest, 20 wished to avoid discussing cancer, and 10 felt too ill to participate. A total of 183 patients provided informed consent and participated in the study (65 % participation rate). There were no significant differences between participating and non-participating patients with regard to age, gender, time since surgical resection, or pathological disease stage (ps>.05). Data collection took place from September 2005 through July 2007.
Demographic and medical characteristics
Participants had a mean age of 69.0 (SD=9.9) years, were mainly female (63.9 %), non-Hispanic White (93.4 %), married/partnered (61.2 %), and had a college degree (47.0 %). They had a mean of 2.9 (SD=1.2) years since treatment and 2.4 (SD=1.6) comorbid diseases. VATS procedure was used in 15 % of the participants. See Tables 1 and 2 for additional data on demographic and medical characteristics.
Prevalence and severity of symptom burden
The frequency of clinically significant symptoms reported among the sample was as follows: 57.9 % pain, 13.7 % fatigue, 57.9 % dyspnea, 21.9 % anxiety, and 8.2 % depression. Based on the number of symptoms present, participants were categorized into one of four degrees of symptom burden: 37 (20.2 %) had none, 56 (30.6 %) had one, 51 (27.9 %) had two, and 39 (21.3 %) had three or more concurrent symptoms. Patients with only one symptom most frequently reported dyspnea (44.6 %) or pain (41.1 %). Those with two symptoms most frequently reported dyspnea and pain (82.4 %). Among those with three or more symptoms, dyspnea, pain, and fatigue were the most common symptom cluster (41.0 %).
Demographic and medical correlates of symptom burden
Variables that were significantly associated (p <.05) with higher symptom burden (two or more concurrent symptoms) were not married/partnered (χ 2 =5.19), lower education (χ 2 =3.75), retired or unemployed (χ 2 =5.83), lower income (χ 2 =7.93), multiple comorbidities (χ 2 =7.58), and not having the VATS procedure (χ 2 =6.46). Analysis on race/ethnicity was not conducted due to a lack of heterogeneity of participants. Age, gender, disease stage, type of resection, and time since surgical resection were not significantly associated with higher symptom burden (ps>.05).
HRQOL and symptom burden A Kruskal-Wallis H test showed a significant overall group difference in physical health HRQOL by symptom burden (Fig. 1 ) and the sensitivity and specificity values suggested that experiencing two or more concurrent symptoms corresponded most to impairment in functioning (sensitivity=0.70, specificity=0.57).
We then used a SR-KPS cutoff score of 3 ("Normal activity with effort, some symptoms of disease or side effects of treatment"), which indicates greater impairment in functioning (n =30, 16.4 %). Results showed improved accuracy and discrimination between patients with normal functioning and those with impaired functioning (AUC=0.75, SE=0.06, 95 % CI=0.64-0.87, non-parametric p <0.01). Visual inspection of the ROC curve (Fig. 2) and the sensitivity and specificity values again suggested that having two or more concurrent symptoms corresponded most to impairment in functioning (sensitivity=0.81, specificity=0.46).
Discussion
To our knowledge, this study is the first to examine and report the tipping point at which symptom burden (symptom intensity and number) specifically affect functioning and quality of life in a sample of NSCLC survivors 1-6 years post-surgical resection. This paper adds to the literature by examining these relationships in a longer-term survivor population where, years out from surgical resection, symptoms are likely more chronic. We found that survivors reporting two or more clinically significant symptoms experienced impaired functioning and quality of life. Further, we found that nearly half of participants experienced multiple concurrent symptoms, most frequently dyspnea and pain. This is consistent with Cheville et al. who found high prevalence of symptom clusters, even years after treatment, despite no evidence of active cancer [6] .
Our research adds to the existing literature showing that the decline in HRQOL associated with increased symptoms [4, 29, 30] may reflect a physical, more than an emotional, aspect of HRQOL in the lives of lung cancer survivors. For example, previous studies [3, 9, 27] have found pain to be highly correlated with depression and anxiety in cancer patient samples but may not apply to longer-term survivors, who may have learned to cope with or adapt to pain. Such an explanation is consistent with our finding that symptom burden was more strongly associated with physical HRQOL, but mental HRQOL was only associated when symptom burden was at the highest level. In addition, symptom burden was most associated with functional impairment when experienced as two or more concurrent symptoms [16] . This highlights the importance of assessing not only presence and severity but also the functional impact of multiple concurrent symptoms in lung cancer survivors.
Our results indicate that a subgroup of lung cancer survivors, namely, those who are single, not working, have lower education, lower income, and multiple comorbidities, may be at greater risk of higher symptom burden and thereby, has more limitations in daily functioning. The VATS approach was also associated with lower symptom burden and warrants further research. Targeting thoracotomy patients as an at-risk population for greater intervention may be indicated to address long-term symptoms. A comprehensive symptom assessment and management program may be particularly beneficial for these long-term post-treatment individuals, where symptoms are less likely to fluctuate and improve over time.
Study strengths and limitations
Specific strengths of this study include a good participation rate (65 %) and no indication of sample bias. In addition, well-validated symptom measures were used with empirically established cutoff scores representing clinically significant symptoms. Such brief standardized measures can be readily used in clinical practice to evaluate the presence and severity of concurrent symptoms and the extent of functional impairment.
There are limitations with regard to the generalizability of findings, given that participants were all survivors of stage I NSCLC came from a single cancer institution and were mostly non-Hispanic White and well-educated. Only 2.7 % of the participants were non-Hispanic Black, a group in which lung cancer rates are the highest and escalating [1] . Future studies should examine symptom burden and performance status among a more heterogeneous sample of NSCLC survivors. Although this study assessed common symptoms of NSCLC, it did not include other symptoms, such as sleep problems and cognitive impairment [10, 19, 33] . Studies using more detailed assessments of performance status are needed to determine the extent of impairment in daily functioning. In addition, although time since resection was not found to be significantly related to symptom burden, further examination of the role of comorbidities should be explored. Comparison against a non-cancer control cohort with similar comorbidities would help establish to what extent symptoms are related to cancer diagnosis and treatment. Finally, the crosssectional research design prohibits the examination of a causal relationship between symptom burden and HRQOL or performance variables. Longitudinal studies can offer additional insights by monitoring symptom burden over time. Future studies using longitudinal design to assess symptom burden, HRQOL, and follow-up can perhaps identify multi-symptom burden earlier, enabling earlier intervention, which may improve HRQOL and functioning over subsequent years.
Conclusions and clinical implications
Results of this study suggest multiple symptoms are often experienced concurrently in early-stage, long-term lung cancer survivors. This implies that a broad array of symptoms should be assessed rather than focusing only on the most prominent ones that patients self-report. The number of symptoms, rather than any particular type, appears to impact HRQOL and functioning. The high prevalence and impact of moderate to high symptom burden represent a target for improved clinical care. Long-term survivors with multiple concurrent symptoms may be particularly vulnerable and should be targeted for more intensive symptom management interventions. Survivors with less education, those not working, and those with multiple medical comorbidities may be most at risk for experiencing higher symptom burden in survivorship.
These findings highlight the importance of incorporating multi-focal symptom assessment into routine clinical practice. Effective interventions need to be developed for survivors to prevent and treat symptom clusters. The findings of the current study also underscore the critical need for ongoing survivorship care, as recommended by the Institute of Medicine [28] . An interdisciplinary, collaborative approach is needed to detect, monitor, and treat not only complex and multiple physical symptoms but also the psychosocial needs of survivors. Symptom management remains an important target of intervention to promote optimal functioning and HRQOL among lung cancer survivors.
